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INTRODUCTION
Water resources management has been a challenge in Iraqi Kurdistan due to precipitation shortage in recent years. Economically crops production has direct relationship with irrigation. However, irrigation scheduling has been based on the predicted crop water requirements (CWR), which is the total water needed for evapotranspiration from planting to harvest for a given crop in a specific climate regime. When adequate soil water is maintained by rainfall and/or irrigation, it does not limit plant growth and crop yield (Hess, 2005) . CWR is calculated for a given crop under the different climatic conditions. (FAO, 2005) defined that CWR is the depth (or amount) of water needed to meet the water loss through evapotranspiration. In other words, it is the amount of needed water by the various crops to grow optimally. The crop water requirement always refers to a crop grown under optimal conditions, i.e. a uniform crop, actively growing, completely shading the ground, free of diseases, and favorable soil conditions (including fertility and water). The CWR mainly depends on the climate, the crop type and the growth stage of the crops. The effects of various climates on evapotranspiration are incorporated into reference evapotranspiration (ET o ). In this study, ET o is calculated by using the FAO Penman-Monteith method (FAO, 1998):
II. MATERIALS AND METHODS
Iraqi Kurdistan region is located at latitude 35.00 to 37.30, longitude 42.20 to 46.20 and includes three governorates which are Erbil, Dohuk and Sulaymaniyah ( Figure 1 ). Kurdistan region has been divided into Sangasar and Karkuk agro-climatic zones (FAO/UNESCO/WMO, 1962). Sangasar zone consists of hilly areas and high mountains with 600 to 1000 mm of rainfall per annum. The vegetation is mainly oak forest on slopes between 500 and 2000 meters altitude; whereas mostly grasses between 2000 to 4000 meters and alpine plants above 4000 meters. Karkuk zone includes the main dry farming area of the region with 200 to 600 mm rainfall. The summer is hot and dry but the winter is cold and rainy.
Estimation of ET o : (FAO, 1992), (Smith et al., 1991) and (Smith, 1992) reported that CROPWAT is a practical tool (software) used to help agrometeorologists, agronomists and irrigation engineers to carry out standard calculations for evapotranspiration and crop water use studies, and more accurate design and management for irrigation schemes.
In order to, CROPWAT 8.0 was used to study of 9 meteorological stations. The respective climatic data were collected from the agro-meteorological department /Kurdistan ministry of agriculture and water resources and arranged by using Excel program. Loamy soil was considered as a case study. Total available soil moisture (FC-WP) for this type of soil was equal to 180mm/meter and maximum rain infiltration rate was equal to 30mm/day.
III. RESULTS AND DISCUSSION
Annual potential evapotranspiration (ET o ) had estimate values between 1339 -2382 mm for Zakho and Makhmur respectively. The highest and lowest values of ET o were recorded in July and January which were 12 mm/day and 0.9 mm/ day for Makhmur and Soran, respectively (Table 2). 
Crop water requirements (CWR) and irrigation requirement (IR):
The CWR module includes calculations, producing the irrigation water requirement of the crop on a monthly basis and total growing season. Irrigation 
Alfalfa
The highest CWR by alfalfa is 428.5mm at Makhmur, and the lowest at Penjwen is 224.1mm; whereas, the highest IR by alfalfa is 361.4mm at Makhmur and the lowest at Penjwen is 56.1mm (Table 3) . 
Barley
The highest CWR by barley is 702.8mm at Makhmur and the lowest at Penjwen 368.4mm; while, the highest IR by barley is 496.1mm at Makhmur and the lowest at Penjwen 49.8mm (Table 4 ). 
Beans
The highest CWR by beans is 657.7mm at Makhmur and the lowest at Penjwen 344.9mm; while, the highest IR by beans is 451.1mm at Makhmur and the lowest at Penjwen is 34mm (Table 5 ). 
Cabbage
The highest CWR by cabbage is 844.7mm at Makhmur and the lowest at Zakho 452.1mm; while, the highest IR by cabbage is 748.4mm at Makhmur and the lowest at Zakho 283.9mm (Table 6 ). 
Grape
The highest CWR by grape is 1635.1mm at Makhmur and the lowest at Chamchamal 798.5mm; while, the highest total IR by grape is 1553.7mm at Makhmur and the lowest at Chamchamal 682mm (Table 7 ). 
Maize
The highest total CWR by maize is 1404.4mm at Makhmur and the lowest at Chamchamal 635.8mm; while, the highest IR by maize is 1358.6mm at Makhmur and the lowest at Chamchamal 588.1mm (Table 8 ). 
Potato
The highest CWR by potato is 704.1mm at Makhmur and the lowest at Chamchamal 491.2mm; while, the highest IR by potato is 621.7mm at Makhmur and the lowest at Chamchamal 401mm (Table 9 ). 
Sunflower
The highest CWR by sunflower is 704.1mm at Makhmur and the lowest at Chamchamal 491.2mm; while, the highest IR by sunflower is 621.7mm at Makhmur and the lowest at Chamchamal 401mm (Table 10 ). 
Sweet Melon
The highest CWR by sweet melon is 936mm at Makhmur and the lowest at Chamchamal 460.9mm; while, the highest IR by sweet melon is 879.5mm at Makhmur and the lowest at Chamchamal 371.1mm (Table 11 ). 
Tomato
The highest CWR by tomato is 1229mm at Makhmur and the lowest at Chamchamal 604.2mm; while, the highest IR by tomato is 1159.3mm at Makhmur and the lowest at Chamchamal 491.6mm (Table 12 ). 
Wheat
The highest CWR by wheat is 832mm at Makhmur and the lowest at Penjwen 440.4mm; while, the highest IR by wheat is 625.2mm at Makhmur and the lowest at Penjwen 119mm (Table 13 ). 
IV. CONCLUSION
Results of the study explain that the evapotranspiration (ET o ) was highest in July (12 mm/day) and lowest in January (0.9 mm/day). On the other hand, estimated CWR and IR show that the use of water and irrigation projects should be done in Kurdistan region, especially in Karkuk zone, with modern methods to increase efficiency and save water resources.
V. RECOMMENDATIONS
It is recommended that prepared a comprehensive plan to estimation CWR for all zones in Iraqi Kurdistan region. Such a plan can be used as a basis for agricultural projects. However, estimated CWR and IR must be confirmed by practical tests.
